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MISSION OVERVIEW

This is the 14th flight of Discoveryand the 45th for the space shuttle.

The flight crew for the STS-42 mission is commander Ronald (Ron) J. Grabe, Col., USAF;
pilot Stephen (Steve) S. Oswald; mission specialists David (Dave) C. Hilmers, Lt. Col.,
USMC; mission specialist Dr. Norman (Norm) E. Thagard; mission specialist William (Bill)
F. Readdy; and payload specialists UIf D. Merbold of the European Space Agency and
Dr. Roberta L. Bondar of the Canadian Space Agency. The crew will be divided into a
blue team, consisting of Grabe, Oswald, Thagard, and Bondar; and a red team,
comprised of Hilmers, Readdy, and Merbold. Each team will work consecutive 12-hour
shifts, providing for around the clock operations.

STS-42's primary mission objective is to perform the planned operations of the
International Microgravity Laboratory (IML)-I payload, conducted in the Spacelab tong
module. IML-1 consists of a series of multidiscipline experiments that will investigate the
effects of microgravity on materials processes and living organisms.

' IML-1 materials science investigations include studies of the effects of microgravity on the
growth of various types of crystals and fluid medium behavior, as well as measurements
of space accelerations and the critical point at which many physical properties assume
extreme values or at which profound changes in material properties occur. Life sciences
investigations include biological investigations on plants, tissues, cells, bacteria, and
insects; studies of space adaptation and space motion sickness; investigations of the
radiobiological importance of cosmic ray particles of high mass number and energy and
nuclear disintegration stars; crew mental performance in zero gravity; and measurements
of the effect of radiation on biological materials in space. Several of the IML-1
experiments have flown previously on earlier Spacelab missions.

The IML-1 consists of a pressurized module located in Discovery's payload bay and
connected to the crew cabin by an access tunnel. Most experiments are mounted in
racks in the module, which is internally configured with eight double racks, four single
racks, and 14 overhead stowage lockers. In Discovery's crew cabin, five middeck
stowage lockers with two refrigerator/incubator modules (RIMs) are used for experiment
stowage and ancillary items. Twelve Getaway Special (GAS) canisters located in the
payload bay hold additional experiments.

Activation of the IML will immediately follow cabin unstow on Flight Day 1 and continue
through to Flight Day 7.
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Discovery will provide IML-1 witha stable attitude, power, and cooling. A tail down,
"pseudo" gravity gradient attitude will be employed to minimize the number of orbiter
reaction control system firings necessary during the mission, which can disturb
microgravity experimentation. In addition, due to the orbital altitude and inclination at this
time of year, Discovery will be in continuous sunlight for four days of the mission. This
thermally challenging environment will be compensated for by the orbiter's cooling
systems.

This maiden voyage of the IML series of Spacelab flights is a cooperative effort between
NASA, six international space science research organizations, and over 200 scientists
from 16 different nations. Marshall Space Flight Center, Huntsville, Ala., is responsible for
IML mission management. Data collected from the first flight will be used in subsequent
flights and will also become part of the research base for Space Station Freedom.

STS-42 is the latest effort in the U.S. manned space program's continuing investigations
into materials processing and life sciences microgravity research. Several more flights
are planned, including the STS-50 United States Microgravity Laboratory (USML)-I
mission in mid 1992 and the STS-47 Spacelab-J mission, currently scheduled in the
September 1992 time frame.

Activation of the IML will immediately follow cabin unstow on Flight Day 1 and continue
through to Flight Day 7.

Secondary objectives for STS-42 include a series of middeck and GAS experiments,
including the following: Gelation of Sols: Applied Microgravity Research (GOSAMR);
Investigations Into Polymer Membrane Processing (IPMP); Radiation Monitoring
Equipment (RME)-III; IMAX camera; two student experiments (Convection in Zero Gravity
and Capillary Rise of Liquid Through Granular Porous Media); and 10 GAS canister
experiments mounted on a GAS Bridge Assembly (GBA) in Discovery's payload bay. The
crew of STS-42 will also conduct continuing life sciences research in preparation for
planned extended duration orbiter (EDO) operations and will gather Earth observation
data throughout the flight.

Gelation of Sols: Applied Microgravity Research (GOSAMR) is a middeck experiment that
will investigate the influence of microgravity on the processing of advanced ceramics
materials.

The research objective of the IPMP payload is to investigate the formation of polymer
membranes in microgravity, research that could lead to possible advances in filtering
technologies. The IPMP requires one-half of a middeck locker and approximately 30
minutes of crew time.
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The RME-III payload in Discovery's middeck takes measurements of the ionizing radiation
levels in the orbiter crew compartment. The handheld unit contains a liquid crystal display
for real-time data display and a keyboard for controlling its functions. It occupies half of a
middeck locker.

The IMAX camera, a large format camera flown on several shuttle missions as a joint
projectby NASA, the NationalAirand Space Museum,andthe IMAX FilmCorporation,
willbe usedto film activitiesinthe Spacelab moduleand orbitercrew compartment,
emphasizingthe space physiologyexperimentsthat havea bearingon future long-
durationhumanpresencein space. The crewwill alsotake advantageof the high
inclinationof the STS-42 orbitto film Earth features at latitudesnotoverflownby most
Shuttleflights. The scenes willbe usedin an IMAX film nowin productionon mankind's
future inspace.

The objective of Student Experiment 81-09, Convection in Zero Gravity, is to study the
effects of heat on surface tension-induced flows in microgravity. The experiment is
housed in Discovery's middeck.

The objective of Student Experiment 83-02, Capillary Rise of Liquid Through Granular
Porous Media, is to investigate the effects of gravity on the flow characteristics of a fluid
through granular substances via capillary action. It is housed in Discovery's middeck.

Attached cargo operations will be performed with the 10 GAS canister experiments
contained in the GAS bridge assembly mounted in Discovery's aft payload bay.
Experiments from six countries (United States, Japan, Sweden, Germany, Australia, and
China) will be conducted, encompassing materials processing, life sciences, fluid physics,
and astronomical observations. Crew interface is minimal, requiring only switch
activation/deactivationfrom the aft flight deck.

Sixteen development test objectives and nine detailed supplementary objectives are
scheduled to be flown on STS-42.
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MISSION STATISTICS

Vehicle: Discovery(OV-103), 14thflight

Launch Date/Time:

1/22/92 8:53 a.m., EST
7:53 a.m., CST
5:53 a.m., PST

Launch Site: KennedySpace Center (KSC), Fla.--LaunchPad 39A

Launch Window: 2 hours,30 minutes

Launch Clearance Window for 1/22/92:8:53 a.m. EST to 11:42 a.m. EST.

Mission Duration: 7 days, 1 hour, 12 minutes

Landing: Nominalend of missionlandingon Orbit 113

1/29/92 10:05 a.m., EST
9:05 a.m., CST
7:05 a.m., PST

Runway: Nominalend-of-missionlandingon concreterunway22, EdwardsAir Force
Base (EAFB), Calif. Weatheralternatesare KSC and NorthrupStrip (NOR), White Sands,
New Mexico.

Transatlantic Abort Landing: Zaragoza, Spain;alternatesare Moron,Spain;and Ben
Guerir, Morocco

Return to Launch Site: KSC

Abort-Once-Around: NOR; alternateis EAFB

Inclination: 57 degrees

Ascent: The ascent profile for this mission is a direct insertion. Only one orbital
maneuvering system thrusting maneuver, referred to as OMS-2, is used to achieve
insertion into orbit. This direct-insertion profile lofts the trajectory to provide the earliest
opportunity for orbit in the event of a problem with a space shuttle main engine.
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The OMS-1 thrusting maneuver after main engine cul "fplus approximately 2 minutes is
eliminated in this direct-insertion ascent profile. The VIS-1thrusting maneuver is
replaced by a 5-foot-per-second reaction control syst_ i maneuver to facilitate the main
propulsion system propellant dump.

Altitude: 163-nautical-mile (188-statute-mile) circula=._'bit

Space Shuttle Main Engine Thrust Level During Ascent: 104 percent

Space Shuttle Main Engine Locations:

No. 1 position:Engine2026
No. 2 position:Engine2022
No. 3 position: Engine 2027

Total Lift-off Weight: Approximately 4,507,474 pounds

Orbiter Weight, Including Cargo, at Lift-off: Approximately 243,395 pounds

Orbiter (Discovery) Empty, and 3 SSMEs: Approximately172,707 pounds

Payload Weight Up: Approximately28,663 pounds

Payload Weight Down: Approximately28,663 pounds

Orbiter Weight at Landing: Approximately218,016 pounds

Payloads-Payload Bay (* denotes primary payload): InternationalMicrogravity
Laboratory(IML)-I*, Getaway Special (GAS) bridge,IMAX camera

Payloads--Middeck: Gelationof Sols:Applied MicrogravityResearch (GOSAMR)-I,
InvestigationsInto PolymerMembrane Processing(IPMP), RadiationMonitoring
Equipment (RME)-III, Student Experiment81-09: Convectionin Zero Gravity, Student
Experiment83-02: CapillaryRise of LiquidThroughGranular PorousMedia

Flight Crew Members:

Blue Team:
Commander: Ronald (Ron) J. Grabe, third space shuttle flight
Pilot:Stephen (Steve) S. Oswald,firstspace shuttle flight
MissionSpecialist1: Dr. Norman(Norm) E. Thagard, fourthspace shuttle flight
Payload Specialist 1: Dr. Roberta L. Bondar,Canadian Space Agency, first space

shuttle flight
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Red Team:
Mission Specialist2: William (Bill) F. Readdy, first space shuttle flight
MissionSpecialist3: David (Dave) C. Hilmers, fourthspace shuttle flight
PayloadSpecialist2: Ulf D. Merbold,EuropeanSpaceAgency,second space

shuttleflight

Grabe, Oswald, and Readdy make upthe orbitercrew, whichwilloperatethe shuttleand
Spacelabsystemsmonitoredby the MissionControlCenter at JohnsonSpace Center
(JSC). Hilmers, Bondar,and Merboldform the sciencecrew, whichwilloperatethe IML-1
experimentsmonitoredby the Payload OperationsControlCenter at MarshallSpace
FlightCenter (MSFC).

Ascent Seating:

Flightdeck, front left seat, commanderRonald(Ron) J. Grabe
Flightdeck, front rightseat, pilotStephen (Steve) S. Oswald
Flightdeck, aft center seat, missionspecialistWilliam (Bill) F. Readdy
Flightdeck,aft rightseat, missionspecialistDr. Norman(Norm) E. Thagard
Middeck,missionspecialistDavid (Dave) C. Hilmers
Middeck,payloadspecialistDr. Roberta L. Bondar

- Middeck, payload specialist Ulf D. Merbold

Entry Seating:

Flightdeck, front left seat, commanderRonalcl(Ron) J. Grabe
Flightdeck, front rightseat, pilotStephen(Steve) S. Oswald
Flightdeck, aft center seat, missionspecialistWilliam (Bill)F. Readdy
Flightdeck, aft rightseat, missionspecialistDavid(Dave) C. Hilmers
Middeck,missionspecialistDr. Norman (Norm) E. Thagard
Middeck, payloadspecialistDr. Roberta L. Bondar
Middeck, payloadspecialistUIf D. Merbold

Extravehicular Activity Crew Members, If Required:

Extravehicular(EV) astronaut-1: missionspecialistDr. Norman(Norm) E. Thagard
EV-2: missionspecialistWilliam (Bill) F. Readdy

Intravehicular Astronaut: pilotStephen(Steve) S. Oswald



-8-

STS-42 Flight Directors:

Ascent/Entry:Wayne Hale
Orbit 1 Team: Jeff Bantle
Orbit2 Team (lead): Bob Castle
PlanningTeam: Chuck Shaw

STS-42 Control Centers:

Space Shuttle and Spacelab module:JSC
IML-1: MSFC

Entry: Automatic mode until subsonic, then control-stick steering

Notes:

• The remote manipulator system is not installed in Discovery's payload bay for this
mission

• The galley is installed in Discovery's middeck
• Landing is planned at EAFB due to Discovery's heavier landing weight (return to Earth of
the IML-1 laboratory)

• Upon its return to Florida, Discovery will be removed from flight status for the next 8-1/2
months to undergo major modifications, upgrades, and required inspections.
Discovery's next flight is STS-53, a scheduled fall 1992 mission for the Department of
Defense.
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MISSION OBJECTIVES

• Primary Payload
- International Microgravity Laboratory-1

• Secondary Payloads
- Payload Bay

• GAS Bridge Assembly with 10 Getaway Specials
• IMAX camera

- Middeck
• Gelation of Sols: Applied Microgravity Research (GOSAMR)-I
• Investigations Into Polymer Membrane Processing (IPMP)
• Radiation Monitoring Equipment III
• Student Experiment 81-09: Convection in Zero Gravity
• Student Experiment 82-03: Capillary Rise of Liquid Through Granular Porous Media..

• Development Test Objectives/Detailed Supplementary Objectives

f ....

/"
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FLIGHT ACTIVITIES OVERVIEW

Flight Day 1

Launch
OMS-2
Unstowcabin
IML-1 activation
Transferscience specimensto Spacelab
IML experimentoperations

Flight Day 2

IML-1 experiment operations

Flight Day 3

IML-1 experiment operations

IML-1 experiment operations

Flight Day 4

IML experiment operations

Flight Day 5

IML experiment operations

Flight Day 6

IML experiment operations

Flight Day 7

IML experiment operations
IML-1 deactivation
RCS hot fire test
FCS checkout
Cabin stow
Deorbit preparation
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Flight Day 7 (continued)

Deorbit burn

Flight Day 8

Landing

Notes:

• Each flight day includes a number of scheduled housekeeping activities. These include
inertial measurement unit alignment, supply water dumps (as required), waste water
dumps (as required), fuel cell purge, Ku-band antenna cable repositioning, and a daily
private medical conference•

• Due to power requirements and the length of the mission, an equipment powerdown
(referred to as a Group B powerdown), is executed on flight day 1 to conserve
cryogenics for a full mission duration plus two extension days (if required)• Powerdown
activities include powering off three of Discovery's four CRT's, placing three of
Discovery's five general-purpose computers on standby, placing one of Discovery's
three inertial measurement units on standby mode, and powering off three of
Discovery's eight flight-critical multiplexers (two forward, one aft).
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DEVELOPMENT TEST OBJECTIVES/DETAILED SUPPLEMENTARY OBJECTIVES

DTOs

Entry aerodynamic control surfaces test (Part 6) (DTO 242)
Ascent wing structural capability evaluation (DTO 301D)
Ascent compartment venting evaluation (DTO 305D)
Descent compartment venting evaluation (DTO 306D)
Entry structural evaluation (DTO 307 D)
Vibration and accoustic evaluation (DTO 308D)
ET TPS performance--crew photography after ET separation (DTO 312)
Shuttle/payload low frequency environment (DTO 319D)
Cabin air monitoring (DTO 623)
Eyewash--zero-g eyewash kit test (DTO 635)
On-orbit cabin air cleaner evaluation (DTO 637)
Spacelab CO2 control (DTO 641)
Electronic still photography (DTO 648)
EDO cycle ergometer hardware evaluation (DTO 651)

_-__ Evaluation of the MK I rowing machine (DTO 653)
Crosswind landing performance (DTO 805)

DSOs

• Variation in supine and standing heart rate, blood pressure, and cardiac size (DSO 466)
• In-flight radiation dose-distribution (DSO 469)
• The relationship of space adaption syndrome to middle cerebral artery blood velocity

measured during entry, landing, and egress (DSO 470)
• Orthostatic equilibrium control during landing/egress (DSO 603B)
• Air monitoring instrument evaluation and atmosphere characterization (DSO 611)
• Changes in endocrine regulation of orthostatic tolerance following space flight

(DSO 613)
• Documentary television (DSO 901)
• Documentary motion picture photography (DSO 902)
• Documentary still photography (DSO 903)
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STS-42 PRELAUNCH COUNTDOWN

T- (MINUS)
TERMINAL COUNTDOWN EVENT

06:00:00 Verification of the launch commit criteria is complete at this time. The
liquid oxygen and liquid hydrogen systems chill-down commences in order
to condition the ground line and valves as well as the external tank (ET) for
cryo loading. Orbiter fuel cell power plant activation is performed.

05:50:00 The space shuttle main engine (SSME) liquid hydrogen chill-down
sequence is initiated by the launch processing system (LPS). The liquid
hydrogen recirculation valves are opened and start the liquid hydrogen
recirculation pumps. As part of the chill-down sequence, the liquid
hydrogen prevalves are closed and remain closed until T minus 9.5
seconds.

. 05:30:00 Liquid oxygen chill-down is complete. The liquid oxygen loading begins.
The liquid oxygen loading starts with a "slow fill" in order to acclimate the
ET. Slow fill continues until the tank is 2-percent full.

05:15:00 The liquid oxygen and liquid hydrogen slow fill is complete and the fast fill
begins. The liquid oxygen and liquid hydrogen fast fill will continue until
that tank is 98-percent full.

05:00:00 The calibration of the inertial measurement units (IMUs) starts. The three
IMUs are used by the orbiter navigation systems to determine the position
of the orbiter in flight.

04:30:00 The orbiter fuel cell power plant activation is complete.

04:00:00 The Merritt Island (MILA) antenna, which transmits and receives
communications, telemetry and ranging information, alignment verification
begins.

03:45:00 The liquid hydrogen fast fill to 98 percent is complete, and a slow topping-
off process is begun and stabilized to 100 percent.

03:30:00 The liquid oxygen fast fill is complete to 98 percent.
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T- (MINUS)
TERMINAL COUNTDOWN EVENT

03:20:00 The main propulsion system (MPS) helium tanks begin filling from
2,000 psi to their full pressure of 4,500 psi.

03:15:00 Liquid hydrogen stable replenishment begins and continues until just
minutes prior to T minus zero.

03:10:00 Liquid oxygen stable replenishment begins and continues until just minutes
prior to T minus zero.

03:00:00 The MILA antenna alignment is completed.

03:00:00 The orbiter closeout crew goes to the launch pad and prepares the
orbiter crew compartment for flight crew ingress.

03:00:00 Begin 2-hour planned hold. An inspection team examines the ET for
ice or frost formation on the launch pad during this hold.

03:00:00 Two-hour planned hold ends.
Counting

02:55:00 Flight crew departs Operations and Checkout (O&C) Building for launch
pad.

02:25:00 Flight crew orbiter and seat ingress occurs.

02:10:00 Post ingress software reconfiguration occurs.

02:00:00 Checking of the launch commit criteria starts at this time.

02:00:00 The ground launch sequencer (GLS) software is initialized.

01:50:00 The solid rocket boosters' (SRBs') hydraulic pumping units' gas
generator heaters are turned on and the SRBs' aft skirt gaseous
nitrogen purge starts.

01:50:00 The SRB rate gyro assemblies (RGAs) are turned on. The RGAs are
used by the orbiter's navigation system to determine rates of motion of the
SRBs during first-stage flight.

01:35:00 The orbiter accelerometer assemblies (AAs) are powered up.
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T- (MINUS)
HR:MIN:SEC TERMINAL COUNTDOWN EVI_NT

Ol :35:00 The orbiter reaction control system (RCS) control drivers are powered up.

01:35:00 The flight crew starts the communications checks.

01:25:00 The SRB RGA torque test begins.

01:20:00 Orbiter side hatch is closed.

01:10:00 Orbiter side hatch seal and cabin leak checks are performed.

01:01:00 IMU preflight align begins. Flight crew functions from this point on will be
initiated by a call from the orbiter test conductor (OTC) to proceed. The
flight crew will report back to the OTC after completion.

01:00:00 The orbiter RGAs and AAs are tested.

00:50:00 The flight crew starts the orbiter hydraulic auxiliary power units' (APUs')
• water boilers preactivation.

00:45:00 Cabin vent redundancy check is performed.

00:45:00 The GLS mainline activation is performed.

00:40:00 The eastern test range (ETR) shuttle range safety system (SRSS) terminal
count closed-loop test is accomplished.

00:40:00 Cabin leak check is completed.

00:32:00 The backup flight control system (BFS) computer is configured.

00:30:00 The gaseous nitrogen system for the orbital maneuvering system (OMS)
engines is pressurized for launch. Crew compartment vent valves are
opened.

00:26:00 The ground pyro initiator controllers (PICs) are powered up. They are
used to fire the SRB hold-down posts, liquid oxygen and liquid hydrogen
tail service mast (TSM), and ET vent arm system pyros at lift-off and the
SSME hydrogen gas burn system prior to SSME ignition.

...... 00:25:00 Simultaneous air-to-ground voice communications are checked. Weather
aircraft are launched.
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T- (MINUS)
J:[J_[_[_L_t.F_: TERMINAL COUNTDOWN EVENT

00:22:00 The primary avionics software system (PASS) is transferred to the BFS
computer in order for both systems to have the same data. In case of a
PASS computer system failure, the BFS computer will take over control of
the shuttle vehicle during flight.

00:21:00 The crew compartment cabin vent valves are closed.

00:20:00 A 10-minute planned hold starts.

Hold 10 All computer programs in the firing room are verified to ensure that the
proper programs are available for the final countdown. The test team is
briefed on the recycle options in case of an unplanned hold.

The landing convoy status is again verified and the landing sites are
verified ready for launch.

The IMU preflight alignment is verified complete.

Preparations are made to transition the orbiter onboard computers to Major
Mode (MM)-101 upon coming out of the hold. This configures the
computer memory to a terminal countdown configuration.

00:20:00 The 10-minute hold ends.

Counting Transition to MM-101. The PASS onboard computers are dumped and
compared to verify the proper onboard computer configuration for launch.

00:19:00 The flight crew configures the backup computer to MM-101 and the test
team verifies the BFS computer is tracking the PASS computer systems.
The flight crew members configure their instruments for launch.

00:18:00 The Mission Control Center-Houston (MCC-H) now loads the onboard
computers with the proper guidance parameters based on the
prestated lift-off time.

00:16:00 The MPS helium system is reconfigured by the flight crew for launch.

00:15:00 The OMS/RCS crossfeed valves are configured for launch.

All test support team members verify they are "go for launch."
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T- (MINUS)
HR:MIN:SEC TERMINAL COUNTDOWN EVENT

00:12:00 Emergency aircraft and personnel are verified on station.

00:10:00 All orbiter aerosurfaces and actuators are verified to be in the proper
configuration for hydraulic pressure application. The NASA test director
gets a "go for launch" verification from the launch team.

00:09:00 A planned 10-minute hold starts.

Hold10
Minutes NASA and contractor project managers will be formally polled by the

deputy director of NASA, Space Shuttle Operations, on the Space Shuttle
Program Office communications loop during the T minus 9-minute hold. A
positive "go for launch" statement will be required from each NASA and
contractor project element prior to resuming the launch countdown. The
loop will be recorded and maintained in the launch decision records.

All test support team members verify that they are "go for launch."

"_ Final GLS configuration is complete.

00:09:00 The GLS auto sequence starts and the terminal countdown begins.
Counting

From this point, the GLSs in the integration and backup consoles are the
primary control until T-0 in conjunctionwith the onboard orbiter PASS
redundant-set computers.

00:09:00 Operations recorders are on. MCC-H, Johnson Space Center, sends a
command to turn these recorders on. They record shuttle system
performance during ascent and are dumped to the ground once orbit is
achieved.

00:08:00 Payload and stored prelaunch commands proceed.

00:07:30 The orbiter access arm (OAA) connecting the access tower and the orbiter
side hatch is retracted. If an emergency arises requiring flight crew
activation, the arm can be extended either manually or by GLS computer
control in approximately 30 seconds or less.

00:06:00 APU prestart occurs.
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T-(MINUS)
TERMINAL COUNTDOWN EVENT

00:05:00 Orbiter APUs start. The orbiter APUs provide pressure to the three orbiter
hydraulic systems. These systems are used to move the SSME engine
nozzles and aerosurfaces.

00:05:00 ET/SRB range safety system (RSS) is armed. At this point, the firing circuit
for SRB ignition and destruct devices is mechanically enabled by a motor-
driven switch called a safe and arm device (S&A).

00:04:30 As a preparation for engine start, the SSME main fuel valve heaters are
turned off.

00:04:00 The final helium purge sequence, purge sequence 4, on the SSMEs is
started in preparation for engine start.

00:03:55 At this point, all of the elevons, body flap, speed brake, and rudder are
moved through a preprogrammed pattern. This is to ensure that they will
be ready for use in flight.

00:03:30 Transfer to internal power is done. Up to this point, power to the space
vehicle has been shared between ground power supplies and the onboard
fuel cells.

The ground power is disconnected and the vehicle goes on internal power
at this time. It will remain on internal power through the rest of the mission.

00:03:25 The SSMEs°nozzles are moved (gimbaled) through a preprogrammed
pattern to ensure that they will be ready for ascent flight control. At
completion of the gimbal profile, the SSMEs' nozzles are in the start
position.

00:02:55 ET liquid oxygen prepressurization is started. At this point, the liquid
oxygen tank vent valve is closed and the ET liquid oxygen tank is
pressurized to its flight pressure of 21 psi.

00:02:50 The gaseous oxygen arm is retracted. The cap that fits over the ET nose
cone to prevent ice buildup on the oxygen vents is raised off the nose cone
and retracted.

00:02:35 Up until this time, the fuel cell oxygen and hydrogen supplies have been
adding to the onboard tanks so that a full load at lift-off is assured. This -
filling operation is terminated at this time.
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T- (MINUS)
TERMINAL COUNTDOWN EVENT

00:02:30 The caution/warning memory is cleared.

00:01:57 Since the ET liquid hydrogen tank was filled, some of the liquid hydrogen
has turned into gas. In order to keep pressure in the ET liquid hydrogen
tank low, this gas was vented off and piped out to a flare stack and burned.
In order to maintain flight level, liquid hydrogen was continuously added to
the tank to replace the vented hydrogen. This operation terminates, the
liquid hydrogen tank vent valve is closed, and the tank is brought up to a
flight pressure of 44 psia at this time.

00:01:15 The sound suppression system will dump water onto the mobile launcher
platform (MLP) at ignition in order to dampen vibration and noise in the
space shuttle. The firing system for this dump, the sound suppression
water power bus, is armed at this time.

00:01:00 The SRB joint heaters are deactivated.

00:00:55 The SRB MDM critical commands are verified.

00:00:47 The liquid oxygen and liquid hydrogen outboard fill and drain valves are
closed.

00:00:40 The external tank bipod heaters are turned off.

00:00:38 The onboard computers position the orbiter vent doors to allow payload
bay venting upon lift-off and ascent in the payload bay at SSME ignition.

The SRB forward MDM is locked out.

00:00:37 The gaseous oxygen ET arm retract is confirmed.

00:00:31 The GLS sends "go for redundant set launch sequence start." At this point,
the four PASS computers take over main control of the terminal count.
Only one further command is needed from the ground, "go for main engine
start," at approximately T minus 9.7 seconds. The GLS in the integration
console in the launch control center still continues to monitor several
hundred launch commit criteria and can issue a cutoff if a discrepancy is
observed. The GLS also sequences ground equipment and sends
selected vehicle commands in the last 31 seconds.



-22-

T-(MINUS)
TERMINAL COUNTDOWN EVENT

00:00:28 Two hydraulic powerunits in each SRB are startedby the GLS. These
providehydraulicpowerfor SRB nozzlegimbalingfor ascentfirst-stage
flightcontrol.

The orbitervent doorsequencestarts.

00:00:21 The SRB gimbalprofileis complete. As soonas SRB hydraulicpoweris
applied,the SRB enginenozzlesare commandedthrougha
preprogrammedpatternto assure that they will be readyfor ascent flight
controlduringfirststage.

00:00:21 The liquidhydrogenhigh-pointbleedvalve is closed.

The SRB gimbaltest begins.

00:00:18 The onboardcomputersarm the explosivedevices, the pyrotechnicinitiator
controllers,that willseparate the T-0 umbilicals,the SRB hold-downposts,
and SRB ignition,which isthe final electricalconnectionbetween the
groundandthe shuttlevehicle.

00:00:16 The soundsuppressionsystemwater is activated.

00:00:15 If the SRB pyro initiatorcontroller(PIC) voltageinthe redundant-setlaunch
sequencer (RSLS) is notwithinlimitsin 3 seconds,SSME start commands
are not issuedand the onboardcomputersproceedto a countdownhold.

00:00:13 The aft SRB MDM unitsare lockedout. This is to protectagainstelectrical
interferenceduringflight. The electroniclock requiresan unlockcommand
before it will acceptany othercommand.

SRB SRSS inhibitsare removed. The SRB destructsystem is now live.

00:00:12 The MPS heliumfill is terminated. The MPS heliumsystem flows to the
pneumaticcontrolsystemat each SSME inlet to controlvarious essential
functions.

00:00:10 LPS issues a "go" for SSME start. This is the last required ground
command. The ground computers inform the orbiter onboard computers
that they have a "go" for SSME start. The GLS retains hold capability until
just prior to SRB ignition.
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T-(MINUS)
HR:MIN:SEC TERMINAL COUNTDOWN EVENT

00:00:09.7 Liquid hydrogen recirculationpumps are turned off. The recirculation
pumpsprovidefor flow of fuel throughthe SSMEs duringthe terminal
count. These are suppliedby groundpowerand are powered in
preparationfor SSME start.

00:00:09.7 In preparation for SSME ignition,flares are ignited under the SSMEs. This
burns away any free gaseous hydrogen that may have collected under the
SSMEs during prestart operations.

The orbiter goes on internal cooling at this time; the ground coolant units
remain powered on until lift-off as a contingency for an aborted launch.
The orbiter will redistribute heat within the orbiter until approximately 125
seconds after lift-off, when the orbiter flash evaporators will be turned on.

00:00:09.5 The SSME engine chill-down sequence is complete and the onboard
computers command the three MPS liquid hydrogen prevalves to open.
(The MPSs three liquid oxygen prevalves were opened during ET tank
loading to permit engine chill-down.) These valves allow liquid hydrogen
and oxygen flow to the SSME turbopumps.

00:00:09.5 Command decoders are powered off. The command decoders are units
that allow ground control of some onboard components. These units are
not needed during flight.

00:00:06.6 The main fuel and oxidizer valves in each engine are commanded open by
the onboard computers, permitting fuel and oxidizer flow into each SSME
for SSME start.

All three SSMEs are started at 120-millisecond intervals (SSME 3, 2, then
1) and throttle up to 100-percent thrust levels in 3 seconds under control of
the SSME controller on each SSME.

00:00:04.6 All three SSMEs are verified to be at 100-percent thrust and the SSMEs
are gimbaled to the lift-off position. If one or more of the three SSMEs
does not reach 100-percent thrust at this time, all SSMEs are shut down,
the SRBs are not ignited, and an RSLS pad abort occurs. The GLS RSLS
will perform shuttle and ground systems sating.

Vehicle bending loads caused by SSME thrust buildup are allowed to
..... initialize before SRB ignition. The vehicle moves towards ET including ET

approximately 25.5 inches.
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T- (MINUS)
TERMINAL COUNTDOWN EVENT

00:00:00 The two SRBs are ignited under command of the four onboard PASS
computers, the four hold-down explosive bolts on each SRB are initiated
(each bolt is 28 inches long and 3.5 inches in diameter), and the two T-0
umbilicals on each side of the spacecraft are retracted. The onboard
timers are started and the ground launch sequence is terminated. All three
SSMEs are at 104-percent thrust. Boost guidance in attitude hold.

00:00 Lift-off.
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STS-42 MISSION HIGHLIGHTS TIMELINE

Editor's Note: The followingtimeline lists selected highlightsonly. For full detail, please
refer to the NASA Mission Operations Directorate STS-42 Flight Plan, AscentChecklist,
Post InsertionChecklist,SDacelabActivation/DeactivationChecklist, r_
Checklist, and ,_[_L.GJ_C,YJL_.

T+ (PLUS)
DAY/

EVENT

DAYZERO

0/00:00:07 Tower is cleared (SRBs above lightning-rod tower).

0/00:00:10 180-degree positive roll maneuver (right-clockwise) is
started. Pitch profile is heads down (astronauts), wings
level.

0/00:00:18 Roll maneuver ends.

0/00:00:26 All three SSMEs throttle down from 104 to 70 percent for
maximum aerodynamic load (max q).

0/00:00:59 All three SSMEs throttle to 104 percent.

0/00:01:04 Max q occurs.

0/00:02:06 SRBs separate.

When chamber pressure (Pc) of the SRBs is less than
50 psi, automatic separation occurs with manual flight crew
backup switch to the automatic function (does not bypass
automatic circuitry). SRBs descend to approximately 15,400
feet, when the nose cap is jettisoned and drogue chute is
deployed for initial deceleration.
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T+ (PLUS)
DAY/

EVENT

At approximately 6,600 feet, drogue chute is released and
three main parachutes on each SRB provide final
deceleration prior to splashdown in Atlantic Ocean, where
the SRBs are recovered for reuse on another mission.
Flight control system switches from SRB to orbiter RGAs.

0/00:04:04 Negative return. The vehicle is no longer capable of
return-to-launch site abort at Kennedy Space Center
runway.

0/00:07:01 Single engine press to main engine cutoff (MECO).

0/00:08:26 All three SSMEs throttle down to 67 percent for MECO.

0/00:08:32 MECO occurs at approximate velocity 24,919 feet per
second, 17 by 163 nautical miles (20 by 188 statute
miles).

0/00:08:50 ET separation is automatic with flight crew manual backup
switch to the automatic function (does not bypass automatic
circuitry).

The orbiter forward and aft RCSs, which provide attitude
hold and negative Z translation of 11 fps to the orbiter for ET
separation, are first used.

Orbiter/ET liquid oxygen/liquid hydrogen umbilicals are
retracted.

Negative Z translation is complete.
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T �(PLUS)
DAY/

EVENT

In conjunction with this thrusting period, approximately 1,700
pounds of liquid hydrogen and 3,700 pounds of liquid
oxygen are trapped in the MPS ducts and SSMEs, which
results in an approximate 7-inch center-of-gravity shift in the
orbiter. The trapped propellants would sporadically vent in
orbit, affecting guidance and creating contaminants for the
payloads. During entry, liquid hydrogen could combine with
atmospheric oxygen to form a potentially explosive mixture.
As a result, the liquid oxygen is dumped out through the
SSME combustion chamber nozzles, and the liquid
hydrogen is dumped out through the right-hand T-minus-
zero umbilical overboard fill and drain valves.

MPS dump terminates.

APUs shut down.

MPS vacuum inerting occurs.

--Remaining residual propellants are vented to space
vacuum, inerting the MPS.

--Orbiter/ET umbilical doors close (one door for liquid
hydrogen and one door for liquid oxygen) at bottom of aft
fuselage, sealing the aft fuselage for entry heat loads.

--MPS vacuum inerting terminates.

0/00:36 OMS-2 thrusting maneuver is perforn_ed,approximately
2 minutes, 41 seconds in duration, at 263 fps, 164 by 163
nautical miles.

0/00:51 Commander closes all current breakers, panel L4.

0/00:53 Mission specialist (MS)/payload specialist (PS) seat egress.

0/00:54 Commander and pilot configure GPCs for OPS-2.

...... 0/00:57 MS configures preliminary middeck.
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T+ (PLUS)
DAW

EVENT

0/00:59 MS configures aft flight station.

0/01:02 MS unstows, sets up, and activates PGSC.

0/01:06 Pilot activates payload bus (panel R1).

0/01:08 Commander and pilot don and configure communications.

0/01:12 Pilot maneuvers vehicle to payload bay door opening
attitude, biased negative Z local vertical, positive Y velocity
vector attitude.

0/01:13 Orbit 2 begins.

0/01:17 Commander activates radiators.

0/01:19 If go for payload bay door operations, MS configures for
payload bay door operations.

0/01:28 Pilot opens payload bay doors.

0/01:33 Commander switches star tracker (ST) power 2 (panel 06)
to ON.

0/01:36 Mission Control Center (MCC), Houston (H), informs crew to
"go for orbit operations."

0/01:37 Commander and pilot seat egress.

0/01:38 Commander and pilot clothing configuration.

0/01:39 MS/PS clothing configuration.

0/01:50 Pilot initiates fuel cell auto purge.

0/01:51 MS activates teleprinter (if flown).

0/01:52 Commander begins post-payload bay door operations and
radiator configuration.
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T+ (PLUS)
DAY/

EVENT

0/01:55 MS/PS remove and stow seats.

0/01:56 Commander starts ST self-test and opens door.

0/01:57 MS configures middeck.

0/01:58 Pilot closes main B supply water dump isolation circuit
breaker, panel ML86B, opens supply water dump isolation
valve, panel R12L.

0/02:01 Pilot activates auxiliary power unit steam vent heater, panel
R2, boiler controller/heater, 3 to A, power, 3 to ON.

0/02:10 Commander configures for RCS vernier control.

0/02:10 Initiate Spacelab activation.

0/02:12 Commander and pilot configure controls for on-orbit
operations.

0/02:20 Pilot stows and deploys radiator.

0/02:20 Ku-band antenna deployment.

0/02:21 Pilot enables hydraulic thermal conditioning.

0/02:22 MS resets caution/warning (C/W).

0/02:26 Pilot switches APU coolant system (panel R2) fuel pump/
valve A to OFF, B to AUTO.

0/02:28 Pilot plots fuel cell performance.

0/02:30 Ku-band antenna activation.

0/02:30 Red team begins presleep activities.

0/02:57 Orbit 3 begins.
if--
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T+ (PLUS)
DAY/

J:[B.It,SE EVENT

0/03:10 Priority Group B powerdown.

0/03:25 Maneuver vehicle to IMU align/COAS calibration attitude.

0/03:25 Blue team Spacelab ingress,

0/03:30 Red team begins sleep period.

0/03:40 IMU alignment: ST.

0/03:40 Blue team continues Spaceiab activation procedures.

0/03:45 COAS calibration, aft station.

0/03:55 Tracking maneuver.

0/04:28 Orbit 4 begins.

0/04:40 Payload activation (Spacelab).

0/05:00 Biorack activation.

0/05:00 Maneuver vehicle to COAS calibration attitude.

0/05:00 Blue team IML activities.

0/05:10 COAS calibration, forward station.

0/05:20 Tracking maneuver.

0/05:58 Orbit 5 begins.

0/06:25 RME-III activation and checkout.

0/06:35 DTO 623--cabin air monitoring.

0/06:40 TEPC setup (DSO 469--radiation dose distribution).

0/07:00 IML EGGS/BONES experiments.
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T+ (PLUS)
DAY/

EVEN

0/07:28 Orbit 6 begins.

0/08:10 OCAC setup.

0/08:30 DSO 611--air monitoring (AOS).

0/08:59 Orbit 7 begins.

0/09:20 Blue team begins presleep activities.

0/09:30 Red team begins postsleep activities.

0/10:15 Blue team handover to red team.

0/10:30 Orbit 8 begins.

0/11:00 Red team IML activities.

0/11:05 Blue team begins sleep period.

0/12:00 Orbit 9 begins.

0/12:00 Group A getaway specials.

0/13:00 IML CELLS experiment.

0/13:30 DSO 611--air monitoring (MAS).

0/13:31 Orbit 10 begins.

0/15:02 Orbit 11 begins.

0/15:30 IMU alignment: ST.

0/16:32 Orbit 12 begins.

0/17:00 IML SLED experiment.

0/17:50 IML MVl experiments.
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T+ (PLUS)
DAY/

EVENT

0118:03 Orbit13 begins.

0/18:30 Group B getawayspecials.

0/19:05 Blueteam beginspostsleepactivities.

0/19:30 DTO 651--exercise.

0/19:33 Orbit14 begins.

0/20:30 Blueteam IML activities.

0/20:45 DSO 470--transcranial doppler.

0/21:04 Orbit 15 begins.

0/21:10 Red team handover to blue team.

0/21:45 Red team begins presleep activities.

0/22:34 Orbit 16 begins.

0/23:00 DTO 651--exercise.

MET DAY ONE

1/00:00 Red team beginssleep period.

1/00:05 Orbit 17 begins.

1/00:25 IML SLED/YEAST experiments.

1/01:35 Orbit18 begins.

1/03:05 Orbit 19 begins.

1/03:55 IMU alignment:ST.

1/04:30 DSO 611--air monitoring(AOS).
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T+ (PLUS)
DAY/

EVENT

1/04:35 IML SPE experiment.

1/04:36 Orbit 20 begins.

1/05:30 IML MVI experiments.

1/06:06 Orbit 21 begins.

1/06:45 Group C getawayspecials.

1/07:00 Trackingmaneuver.

1/07:30 Group D getawayspecials.

1/07:37 Orbit 22 begins.

1/08:00 DTO 651--exercise.

1/08:00 Red team begins postsleep activities.

1/09:07 Orbit 23 begins.

1/09:30 Blue team handover to red team.

1/09:45 DTO 653--exercise.

1/09:45 Blue team begins presleep activities.

1/09:45 Red team IML activities.

1/10:38 Orbit 24 begins.

1/11:15 IML VCGS experiment.

1/12:00 IML crystal growth (TGS) experiment.

1/12:00 Blue team begins sleep period.

1/12:08 Orbit 25 begins.
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T+ (PLUS)
DAY/

1/13:39 Orbit 26 begins.

1/15:00 Tracking maneuver.

1/15:09 Orbit 27 begins.

1/15:45 Group E getaway specials.

1/16:15 IMU alignment: ST.

1/16:40 Orbit 28 begins.

1/18:10 Orbit 29 begins.

1/19:41 Orbit 30 begins.

1/20:00 Blue team begins postsleep activities.

1/20:15 IML CELLS experiment.

1/21:11 Orbit 31 begins.

1/21:30 Red team handover to blue team.

1/21:45 Red team begins presleep activities.

1/21:45 Blue team IML activities.

1/22:42 Orbit 32 begins.

MET DAY TWO

2/00:00 Red team beginssleep period.

2/00:12 Orbit33 begins.

2/00:15 RME-III memory module replacement.

2/01:00 IML SPE experiment.
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DAY/

EY.Et

2/01:43 Orbit 34 begins.

2/02:00 Group F getaway specials.

2/03:13 Orbit 35 begins.

2/04:00 IMU alignment: ST.

2/04:30 DSO 611--air monitoring (AOS).

2/04:44 Orbit 36 begins.

2/05:00 IML PCG experiment.

2/05:05 IML MVl experiments.

2/06:14 Orbit 37 begins.
F

2/06:30 Group G getaway specials.

2/07:00 Tracking maneuver.

2/07:45 Orbit 38 begins.

2/07:45 DTO 651--exercise.

2/08:00 Red team begins postsleep activities.

2/08:30 DTO 653--exercise.

2/09:15 Orbit 39 begins.

2/09:30 Blue team handover to red team.

2/09:45 Group H getaway specials.

2/09:45 Blue team begins presleep activities.

2/09:45 Red team IML activities.
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2/10:46 Orbit 40 begins.

2/11:45 Group I getaway specials.

2/12:00 IML SLIME experiment.

2/12:00 Blue team begins sleep period.

2/12:16 Orbit 41 begins.

2/12:45 Group J getaway specials.

2/13:47 Orbit 42 begins.

2/14:30 IMU alignment: ST.

2/15:00 Tracking maneuver. -_,

2/15:17 Orbit 43 begins.

2/16:47 Orbit 44 begins.

2/17:00 SE83-02: capillary rise of liquid.

2/18:00 Group K getaway specials.

2/18:18 Orbit 45 begins.

2/19:48 Orbit 46 begins.

2/19:50 DTO 651--exercise.

2/20:00 Blue team begins postsleep activities.

2/20:35 IML TGS experiment.

2/21:19 Orbit 47 begins.

2/21:30 Red team handover to blue team.
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DAY/

EVENT

2/21:45 Group L getaway specials.

2/21:45 Blue team IML activities.

2/21:45 Red team begins presleep activities.

2/22:50 Orbit 48 begins.

2/23:00 DTO 651--exercise.

MET DAY THREE

3/00:00 Red team begins sleep period.

3/00:00 IML material science experiment (CAST).

3/00:20 Orbit 49 begins.

3/01:50 Orbit 50 begins.

3/03:21 Orbit 51 begins.

3/03:35 IMU alignment: ST.

3/04:30 DSO 611--air monitoring (AOS).

3/04:52 Orbit 52 begins.

3/05:00 IML CELLS experiment.

3/06:10 Group M getaway specials.

3/06:22 Orbit 53 begins.

3/06:25 IMAX operations.

3/07:00 Tracking maneuver.

...... 3/07:53 Orbit 54 begins.
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DAY/
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3/08:00 Red team begins postsleep activities.

3/08:30 DTO 653--exercise,

3/09:23 Orbit 55 begins.

3/09:30 Blue team handover to red.

3/09:45 Blue team begins presleep activities.

3/09:45 Red team IML activities.

3/10:00 IML CAST experiment.

3/10:54 Orbit 56 begins.

3/11:00 DTO 653--exercise.

3/12:00 Blue team begins sleep period.

3/12:24 Orbit 57 begins.

3/12:45 Group N getaway specials.

3/13:15 DSO 611--air monitoring (MAS).

3/13:55 Orbit 58 begins.

3/14:50 Tracking maneuver.

3/15:15 IMU alignment: ST.

3/15:25 Orbit 59 begins.

3/16:55 Orbit 60 begins.

3/17:00 IPMP activation.

3/18:10 RME-III memory module replacement.
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T+ (PLUS)
DAY/

EVENT

3/18:26 Orbit61 begins.

3/19:15 IML SLIME experiment.

3/19:55 Orbit62 begins.

3/20:00 IML PPE experiment.

3/20:00 Blueteam beginspostsleepactivities.

3/21:27 Orbit63 begins.

3/22:00 Red team handover to blue team.

3/22:15 DTO 651--exercise.

3/22:15 Blue team IML activities.

3/22:57 Orbit 64 begins.

3/23:15 Red team begins presleep activities.

MET DAY FOUR

4/00:00 GOSAMR activation.

4/00:20 IPMP deactivation.

4/00:28 Orbit 65 begins.

4/00:50 IMAX operations.

4/01:30 DTO 635--eye wash.

4/01:30 Red team begins sleep period.

4/01:58 Orbit 66 begins.

4/03:20 IMU alignment: ST.
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DAY/
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4/03:28 Orbit 67 begins.

4/04:50 DSO 611--air monitoring (AOS).

4/04:59 Orbit 68 begins.

4/05:40 SE81-09: Convection.

4/06:00 IML MVl experiments.

4/06:30 Orbit 69 begins.

4/08:00 Orbit 70 begins.

4/09:30 Orbit 71 begins.

4/09:30 DTO 653--exercise.

4/09:30 Red team begins postsleep activities.

4/10:45 Blue team handover to red team.

4/11:00 Red team IML activities.

4/11:00 Blue team begins presleep activities.

4/11:02 Orbit 72 begins.

4/12:30 Blue team begins sleep period.

4/12:31 Orbit 73 begins.

4/13:55 IML SLED experiment.

4/14:02 Orbit 74 begins.

4/14:10 IMAX operations.

4/15:20 IMU alignment: ST.
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DAY/

EVENT

4/15:33 Orbit 75 begins.

4/17:03 Orbit 76 begins.

4/17:55 IML MVl experiments.

4/18:33 Orbit 77 begins.

4/20:05 Orbit 78 begins.

4/20:30 Blue team begins postsleep activities.

4/21:34 Orbit 79 begins.

4/21:35 DTO 651--exercise.

4/22:45 Red team handover to blue team.

4/23:00 DTO 653--exercise.

4/23:00 Blue team IML activities.

4/23:05 Orbit 80 begins.

4/23:45 DTO 651--exercise.

4/23:45 Red team begins presleep activities.

MET DAY FIVE

5/00:00 DTO 651--exercise.

5/00:35 Orbit 81 begins.

5/01:15 IMAX operations.

5/02:00 Red team begins sleep period.

.... 5/02:06 Orbit 82 begins.
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5/02:30 DSO 611--air monitoring (AOS).

5/02:55 IMU alignment: ST.

5/03:36 Orbit 83 begins.

5/03:50 IML ROOTS experiment.

5/05:06 Orbit 84 begins.

5/06:37 Orbit 85 begins.

5/06:40 IML MVI experiments.

5/08:07 Orbit 86 begins.

5/09:00 RME-III memory module replacement.

5/09:38 Orbit 87 begins.

5/10:00 Red team begins postsleep activities.

5/10:45 Blue team handover to red team.

5/11:00 Blue team begins presleep activities.

5/11:08 Orbit 88 begins.

5/11:30 Red team IML activities.

5/12:30 Blue team begins sleep period.

5/12:39 Orbit 89 begins.

5/13:40 IML SLED experiment.

5/14:09 Orbit 90 begins.

5/14:30 IMU alignment: ST.
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EVENT

MET DAY SIX

5/15:40 Orbit91 begins.

5/16:20 IMAX operations.

5/17:10 Orbit 92 begins.

5/18:00 IML MVI experiments.

5/18:40 Orbit 93 begins.

5/20:11 Orbit 94 begins.

5/20:20 DTO 653--exercise.

5/20:30 Blue team begins postsleep activities.

5/21:42 Orbit 95 begins.

5/22:00 FCS checkout.

5/23:12 Orbit 96 begins,

5/23:20 Red team handover to blue team.

5/23:35 Crew press conference.

6/00:00 Blue team IML activities.

6/00:43 Orbit 97 begins.

6/01:00 TFPC stow (DSO 469--radiation dose distribution).

6/01:20 DSO 611--air monitoring (MAS).

6/01:30 DTO 653--exercise.

f- 6/01:40 Red team begins presleep activities.
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6/02:13 Orbit 98 begins.

6/02:30 DTO 651--exercise.

6/02:45 DSO 611--air monitoring (AOS).

6/03:00 IMU alignment: ST.

6/03:43 Orbit 99 begins.

6/03:55 Red team begins sleep period.

6/05:13 Orbit 100 begins.

6/06:30 IML PCG deactivation.

6/06:44 Orbit 101 begins.

6/07:30 Biorack unload.

6/08:15 Orbit 102 begins.

6/08:55 OCAC stow.

6/09:45 Orbit 103 begins.

6/09:55 IMAX operations.

6/10:55 Blue team begins presleep activities.

6/11:15 Orbit 104 begins.

6/11:55 Red team begins postsleep activities.

6/12:10 Blue team handover to red team.

6/12:25 Blue team begins presleep activities.

6/12:40 Blue team begins sleep period.
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6/12:46 Orbit 105 begins.

6/13:25 Cabin stow.

6/13:30 IMAX stow.

6/14:10 DTO 623--cabin air monitoring.

6/14:17 Orbit 106 begins.

6/15:00 IMU alignment: ST.

6/15:47 Orbit 107 begins.

6/15:30 Group R getaway specials.

6/15:55 Initiate PTC.

6/16:25 Payload deactivation.

6/16:55 Spacelab deactivation.

6/17:17 Orbit 108 begins.

6/17:55 Spacelab egress.

6/18:25 Priority Group B powerup.

6/18:40 Blue team begins postsleep activities.

6/18:47 Orbit 109 begins.

6/19:08 Terminate PTC.

6/19:10 Maneuver vehicle to biased -XSI attitude.

6/19:30 RCS hot fire test.

F 6/20:00 DSO 603--entry preparation.
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6/20:14 Begin deorbit preparation.

6/20:14 CRT timer setup.

6/20:18 Orbit 110 begins.

6/20:19 Commander initiates coldsoak.

6/20:28 Stow radiators, if required.

6/20:46 Commander configures DPS for deorbit preparation.

6/20:49 Mission Control Center updates IMU star pad, if required.

6/20:58 MS configures for payload bay door closure.

6/21:19 Maneuver vehicle to IMU alignment attitude.

6/21:20 MCC-H gives "go/no-go" command for payload bay door
closure.

6/21:34 IMU alignment: ST/payload bay door closing operations.

6/21:48 Orbit 111 begins.

6/21:54 Commander and pilot configure dedicated displays for entry.

6/21:57 MCC gives the crew the go for OPS 3.

6/22:00 Maneuver vehicle to deorbit burn attitude.

6/22:04 Pilot starts repressurization of SSME systems.
6/22:09 Commander and pilot perform DPS entry configuration.

6/22:18 MS deactivates ST and closes ST doors.

6/22:20 All crew members verify entry payload switch list.

6/22:35 All crew members perform entry review.
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6/22:37 Crew begins fluid loading, 32 fluid ounces of water with salt
over next 1.5 hours (2 salt tablets per 8 ounces).

6/22:50 Commander and pilot configure clothing.

6/23:05 MS/PS configure clothing.

6/23:15 Commander and pilot seat ingress.

6/23:17 Commander and pilot set up heads-up display (HUD).

6/23:19 Orbit 112 begins.

6/23:19 Commander and pilot adjust seat, exercise brake pedals.

6/23:27 Final entry deorbit update/uplink.

6/23:33 OMS thrust vector control gimbal check is performed.

6/23:34 APU prestart.

6/23:49 Close vent doors.

6/23:53 MCC-H gives "go" for deorbit burn period.

6/23:59 Manuever vehicle to deorbit burn attitude.

MET DAY SEVEN

7/00:00 MS/PS ingress seats.

7/00:08 First APU is activated.

7/00:14 Deorbit burn period, approximately 3 minutes, 5
seconds in duration, at 268 fps, 161 by 160 nm.

7/00:19 Initiate post-deorbit burn period attitude.

7/00:23 Terminate post-deorbit burn attitude.
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7/00:31 Dump forward RCS, if required.

7/00:39 Activate remaining APUs.

7/00:40 Entry interface, 400,000 feet altitude.

7/00:43 Enter communication blackout.

7/00:45 Automatically deactivate RCS roll thrusters.

7/00:49 Orbit 113 begins.

7/00:51 Initiate first roll reversal.

7/00:53 Automatically deactivate RCS pitch thrusters.

7/00:55 Exit communications blackout.

7/01:00 Begin PTI sequence.

7/01:00 Initiate second roll reversal.

7/01:04 Initiate third roll reversal.

7/01:05 Initiate air data system (ADS) probe deploy.

7/01:06 Begin entry/terminal area energy management (TAEM).

7/01:06 Initiate payload bay venting.

7/01:08 Automatically deactivate RCS yaw thrusters.

7/01:08 End PTI sequence.

7/01:11 Begin TAEM/approach/landing (A/L) interface.

7/01:11 Initiate landing gear deployment.

7/01:12 Vehicle has weight on main landing gear.
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EVENT

7/01:12 Vehicle has weight on nose landing gear.

7/01:12 Initiatemain landinggear braking.

7/01:13 Wheel stop.
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GLOSSARY

A/G air-to-ground
AA accelerometerassembly
ACS activecoolingsystem
ADS air data system
AFB Air Forcebase
A/L approach and landing
AMU attitudematchupdate
APU auxiliarypowerunit
ASE airborne support equipment

BFS backup flight control system
BR biorack
BSK biostack

CATS composite activation test sample
CCD charge-coupled device
COAS crewman optical alignment sight
CPA combustion products analyzer
CPF critical point facility
CRT cathode ray tube
CRY cryostat
C/W caution/warning

DAP digitalautopilot
DOD Departmentof Defense
DPS data processingsystem
DSO detailedsupplementaryobjective
DTO developmenttest objective

EAFB EdwardsAir Force Base
ECLSS environmentalcontroland life supportsystem
EDO extendeddurationorbiter
EHF extremely highfrequency
ELV expendablelaunchvehicle
EMU extravehicularmobilityunit
EOM end of mission
EPS electrical powersystem
ESS equipmentsupportsection
ET external tank
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ETR Eastern Test Range
EV extravehicular
EVA extravehicular activity

FCS flight control system
FES flash evaporator system
FES fluids experiment system
FDF flight data file
FPS feet per second
FRCS forward reaction control system
FTA fluid test article

GAS getaway special
GBA GAS bridge assembly
GPPF gravitational plant physiology facility
GLS ground launch sequencer
GN&C guidance, navigation, and control
GOSAMR gelation of solutions: applied microgravity research
GPC general-purpose computer
GSFC Goddard Space Flight Center

HAINS high accuracy inertial navigation system
HRA helmet retention assembly
HRM high-rate multiplexer
HUD heads-up display

IFM in-flight maintenance
IMAX IMAX camera
IML International Microgravity Laboratory
IMU inertial measurement unit
IOCM interim operational contamination monitor
IPMP investigations into polymer membrane processing
IR infrared
IV intravehicular

JSC Johnson Space Center

KSC Kennedy Space Center

LCD liquid crystal display
LES launch escape system
LPS launch processing system
LRU line replaceable unit
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MAS microbialair sampler
MCC-H MissionControl Center--Houston
MDM multiplexer/demultiplexer
MECO mainenginecutoff
MICG mercuriciodidecrystalgrowth
MET missionelapsedtime
MILA Merritt Island
MLP mobilelauncherplatform
MM majormode
MPS mainpropulsionsystem
MS missionspecialist
MSFC MarshallSpace FlightCenter
MVI microgravityvestibularinvestigations
MWPE mentalworkloadand performanceexperiment

NMI nauticalmiles
NOR NorthrupStrip

O&C operationsand checkout
OAA orbiteraccessarm
OCGP organic crystal growth experiment with g-jitter preventive measurement
OMS orbital maneuvering system
OTC orbiter test conductor

PAM particle anticoincidencemantle
PASS primary avionicssoftwaresystem
PCG protein crystal growth
PCMMU pulse code modulation master unit
PCRS payload cover removal system
PCS pressure control system
PGSC payload and general support computer
PI payload interrogator
PIC pyro initiator controller
PRLA payload retention latch assembly
PS payload specialist
PTI preprogrammed test input
P/TV photo/TV

RAAN rightascensionof the ascendingnode
RCS reactioncontrolsystem
RF radio frequency
RGA rate gyroassembly
R/IM refrigerator/incubatormodule
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RMCD radiationmonitoringcontainer/dosimeter
RME radiationmonitoringequipment
RMS remotemanipulatorsystem
ROEU remotelyoperatedelectricalumbilical
RSLS redundant-setlaunchsequencer
RSS rangesafety system
RTLS returnto launchsite

S&A safe and arm
SA solar array
SAF Secretaryof the Air Force
SAMS space accelerationmeasurementsystem
SE studentexperiment
SHF superhighfrequency
SLM star line maneuver
SM statutemiles
SPE space physiologyexperiments
SPOC shuttle portable on-board computer
SRB solid rocket booster
SRM solid rocket motor
SRSS shuttle range safety system
SSF Space Station Freedom
SSME space shuttle main engine
SSP standard switch panel
SSPP solar/stellar pointing platform
ST star tracker
STA structural test article
STS Space Transportation System
SURS standard umbilical retraction/retention system

TAEM terminal area energy management
TAGS text and graphics system
TAL transatlantic landing
TCD timing control distributor
TDRS tracking and data relay satellite
TDRSS tracking and data relay satellite system
TI thermal phase initiation
TIG time of ignition
TPS thermal protection system
TSM tail service mast
TI'&C telemetry, tracking, and communications
TV television
"I'VC thrust vector control
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UHF ultrahighfrequency
USAF U.S. Air Force
UVPI ultravioletplume instrument

VCDS vaporcrystalgrowthsystem
VTR videotaperecorder

WCS wastecollectionsystem
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